A simple and efficient procedure for the synthesis of 5-(1-aryl-3-arylprop-2-yn-1-yl)-2,2-butylidene-1,3dioxane-4,6-dione derivatives through one-pot reactions of araldehydes, 2,2-butylidene-1,3-dioxane-4,6-dione and an arylethyne in the presence of Cu(OAc) 2 ·H 2 O/Na-D-isoascorbate, is described. The procedure involves initial Knoevenagel reaction, followed by conjugate addition. The high isolated yields, broad substrate scope, mild conditions, and easy operation are the main advantages of the protocol. Cu(OAc) 2 ·H 2 O (20 mol%) R 1 R 2 R 1 CHO O O O O O O O O Na-D-isoascorbate (40 mol%) PEG400/H 2 O(V:V=1:1), rt one-pot H R 2
Introduction
β-Alkynyl Meldrum's acid analogues have exhibited an amazingly wide spectrum of biological properties including as PDE IV inhibitors, TNF inhibitors, GPR40 receptor agonists, and GRP receptor antagonists. 1, 2 They are also important building blocks in organic synthesis performed to access diverse β-alkynyl carbonyl compounds, 3 γ-butyrolactones [4] [5] [6] and clausenamide alkaloids. 7 Therefore, the development of a simple and efficient methology for the synthesis of β-alkynyl Meldrum ' s acids has attracted the attention of synthetic as well as medicinal chemists.
5-(1-aryl-3-arylprop-2-ynyl)-2,2-methyl-1,3-dioxane-4,6-diones are commonly synthesized employing one of three methods involving conjugate addition of metalated teminal alkynes, in situ generated copper alkynylides or in situ generated zinc alkynylides to Meldrum's acid derived acceptors (Scheme 1).
Scheme 1.
Reported conjugate additions of alkyne-based metal salts and Meldrum's acid derived acceptors.
The first known method for the conjugate addition of alkynes includes the use of boron 8, 9 or aluminum alkynylides 10, 11 in the presence of t-BuMe 2 SiOTf 12-14 as an activator under conditions of rigorous exclusion of oxygen and moisture. From a practical point of view, the second method of in situ generated metal alkynylides is attractive, as it can be completed in a single synthetic operation. A series of elegant papers [15] [16] [17] [18] [19] reported the direct conjugate addition of in situ generated Cu-acetylides to Meldrum's acids in the presence of copper acetate, based on Na-(+)-ascorbate as a reductant. This method was optimal only for addition of aylacetylenes to γ-branched alkylidene acceptors. The third method disclosed 20 the diastereoselective alkynylation of chiral oxazepanedione acceptors with Zn(OTf) 2 and an amine base. The substituents were limited to alkyl groups of Meldrum's acids derived receptors. Hence, the development of a simple, wide substrate and efficient procedure for the synthesis of new β-alkynyl Meldrum's acids is still needed.
In continuation of our efforts toward the development of novel β-alkynyl Meldrum's acid compounds, 21 herein we report the use of Cu(OAc) 2 ·H 2 O/Na-D-isoascorbate as a catalytic system for the synthesis of 5-(1aryl-3-arylprop-2-yn-1-yl)-2,2-butylidene-1,3-dioxane-4,6-dione derivatives through three-component reactions of an araldehyde, 2,2-butylidene-1,3-dioxane-4,6-dione and an arylacetylene (Scheme 2 
Results and Discussion
For optimizing the reaction conditions, the three-component reaction of 2,2-butylidene-1,3-dioxane-4,6-dione (1), benzaldehyde (2a) and phenylacetylene (3a) was chosen ( Using the optimized conditions, a number of substrates were investigated ( Table 2) . A variety of substituents, electron-rich and -poor aromatic groups, heteroaromatic ( In order to gain further information on the intermediate formation of the phenylethynyl-Cu(I) 6, After reduction of Cu(OAc) 2 ·H 2 O (20 mol%) with Na-D-isoascorbate (40 mol%) in PEG400/H 2 O, phenylacetylene (1.5 equiv) was added. The resulting mixture was stirred for 5.0 h, then the mixture was extracted with CH 2 Cl 2 , dried over Na 2 SO 4 , concentrated under reduced pressure. The yellow residue obtained was washed with absolute EtOH and dried in a vacuum. The yellow powder was subjected to infra-red and mass spectroscopic analysis. In the high-resolution MALDI-TOF mass spectrum, the major peak corresponded to (PhC≡CCu+Na) m/z 187.0. The stretching frequencies of the C≡C bond decreased from 2120 cm -1 for phenylacetylene to 1929 cm -1 for the copper alkynylide. Based on the above results, a reasonable mechanism for the one-pot synthesis 
Conclusions
A three-component synthetic procedure of 5-(1-phenyl-3-phenylprop-2-yn-1-yl)-2,2-butylidene-1,3-dioxane-4,6-dione derivatives catalyzed by a combination of Cu(OAc) 2 ·(H 2 O) and Na-D-isoascorbate, has been developed. The operation and work-up procedures were very simple and no column chrommatography purification was needed. This provides an effective method for the synthesis of new β-arylalkynyl Meldrum ' s acid analogues.
Experimental Section
General. 2,2-Butylidene-1,3-dioxane-4,6-dione was prepared according to the literature. [22] [23] [24] The other chemicals were purchased from Aladdin, Aldrich and Fluka Chemical Companies and used without further purification. Melting points were measured on XT-4 digital micro melting point apparatus and are uncorrected. 1 H NMR spectra were recorded on a BRUKER AVANCE 400 MHz spectrometer using CDCl 3 as the solvent and TMS as the internal standard. 13 C NMR data were collected on a BRUKER AVANCE 100 MHz instrument with CDCl 3 as the solvent and TMS as the internal standard. The analytical mass spectrometry was performed on an Agilent LC-MSD Trap VL Apparatus. 
